An analysis is presented for the free vibration of joined hemispherical-cylindrical shells. This kind of shell is an approximate model of Japanese hanging bell. For this purpose, the governing equations of vibration of a hemispherical shell, including a cylindrical shell as a special case, are written as a coupled set of first order differential equations by using the transfer matrix of the shell. Once the matrix has been determined, the entire structure matrix is obtained by the product of the transfer matrices of the shells, and the frequency equations are derived with terms of the elements of the structure matrix under the boundary conditions. The method is applied to the shells with various axial lengths and wall thicknesses, and the natural frequencies and the mode shapes of vibration are calculated numerically. The results are presented, clarifying the vibration characteristics of the joined shells.
INTRODUCTION
This paper presents an analysis method based upon the exact theory for the extensional and flexural vibration of joined hemispherical-cylindrical shells elastically supported by a hanger. The shell is an approximate model of Japanese hanging bells. From this point of view, for the vibration problems of the shells, Yamashita and Aoki1,2) studied the vibration of Japanese bells based upon the pure bending theory. Kohashi3,4) roughly obtained the natural frequencies and the mode shapes of the bells, and Komatsuzawa and Ise5,6) studied experimentally the effect of the axial length of the bells on the vibration characteristics. Recently, Yum and Lee7) have studied the vibration of Korean bells with the same shape as Japanese ones. Although there are many papers treating unjoined spherical or cylindrical shells, no papers have been presented for the joined shells reported here.
For the purpose of this study, the equations of free vibration of a spherical shell based upon the Reissner shell theory8) are written as a coupled set of first order differential equations. 
The components of the membrane force are given by (4) and those of the moment are (5) 
where L(=al) is the axial length of the cylindrical shell.
BOUNDARY CONDITIONS AND FREQUENCY EQUATIONS
The following dimensionless parameters are previously introduced: (14) process having significant computation advantages including a parameter study, and provides accurate values for the natural frequencies and the mode shapes of vibration of the shell as shown in the examples (tables) of other papers.9,'°) The numerical calculations presented here were carried out on a FACOM 380 computer of Kansai University.
CONCLUSIONS
The free vibration of hemispherical-cylindrical shells has been studied by the transfer matrix approach. The equations of free vibration of the system have been expressed in a matrix equation by using the transfer matrix, and the frequency equations have been derived for a given set of boundary conditions at the edges.
The eigenvalues of vibration and the mode shapes of the shells have been calculated numerically, from which the effects of the stiffness of the support, the meridional length and the wall thickness on the vibration have been quantitatively illustrated.
